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Objective: Many asymptomatic individuals have radiographic lumbar spinal stenosis (LSS), but the
prevalence of symptoms among individuals with radiographic LSS has not yet been established. The
purpose of this study was to clarify the association between radiographic LSS and clinical symptoms in
the general population.
Methods: In this cross-sectional study, data from 938 participants (308 men, 630 women; mean age,
66.3 years; range, 40e93 years) were analyzed. The severity of radiographic LSS, including central ste-
nosis, lateral stenosis, and foraminal stenosis, was assessed by mobile magnetic resonance imaging and
rated qualitatively. Assessment of clinical symptoms was based on the deﬁnition of symptomatic LSS in
the North American Spine Society guideline.
Results: We found that 77.9% of participants had more than moderate central stenosis and 30.4% had
severe central stenosis. Logistic regression analysis after adjustment for age, sex, body mass index, and
severity of radiographic LSS showed that severe central stenosis was related to clinical symptoms.
However, only 17.5% of the participants with severe central stenosis were symptomatic.
Conclusion: Although radiographic LSS was common in our cohort, which resembled the general Japanese
population, symptomatic persons were relatively uncommon.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Radiographic lumbar spinal stenosis (LSS) is deﬁned as a nar-
rowing of the lumbar canal with encroachment of neural structures
by surrounding bone and soft tissue1. Symptomatic LSS, which re-
quires both the presence of clinical symptoms and radiographic
LSS2, is usually associated with impaired walking and other dis-
abilities in the elderly1,3 and is the most frequent indication for
spinal surgery in patients older than 65 years4. Because of the
high number of elderly persons in Japan, there is an urgent need
for evidence-based data regarding radiographic LSS occurring as a
result of degenerative changes. However, little information is
available regarding the epidemiology of radiographic LSS. This is
because previous studies on radiographic LSS have not included
subjects who were part of the general population5e7. Furthermore,M. Yoshida, Orthopedic Sur-
Wakayama 641-8509, Japan.
Yoshida).
s Research Society International. Pfor radiographic LSS to be diagnosed, the detection of minute
changes of the intervertebral discs and ligaments using a tool like
magnetic resonance imaging (MRI) is essential8,9, but to the best of
our knowledge, no studies of radiographic LSS among the general
population have been performed using MRI.
LSS symptoms include a range of possible clinical presentations
resulting from dilatation of the intrinsic vessels of the nerve roots10.
However, inconsistent with this observation, severe radiographic
LSS is often present in asymptomatic patients7, and little is known
of the prevalence of symptoms among individuals with radio-
graphic LSS. Previous studies have reported on the relationship
between radiographic LSS and quality of life, function, and pain due
to symptoms in symptomatic patients11e14. To the best of our
knowledge, there has been no study on the association between
radiographic LSS and clinical symptoms among the general popu-
lation, which includes both symptomatic and asymptomatic
individuals.
In this study, we aimed to determine the prevalence of radio-
graphic LSS assessed by MRI and its association with clinical
symptoms using mobile MRI in a population-based cohort.ublished by Elsevier Ltd. All rights reserved.
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Participants
Thepresent study, entitledTheWakayamaSpine Study, assessed a
subcohort drawn from Research on Osteoarthritis/Osteoporosis
Against Disability (ROAD),which is a large-scale, prospective studyof
bone and joint diseases amongpopulation-based cohorts established
in several communities throughout Japan. As the detailed proﬁle of
the ROAD study is described elsewhere, only a brief summary is
providedhere15e18. Adatabase includingbaseline clinical and genetic
information relating to 3,040 inhabitants (1,061 men, 1,979 women)
with amean age of 70.6 years (range, 23e95 years) has been created.
We recruited individuals listed in resident registrations in three
communities: an urban region in Itabashi, Tokyo; a mountainous
region in Hidakagawa, Wakayama; and a coastal region in Taiji,
Wakayama. All participants providedwritten, informed consent, and
the study was conductedwith the approval of the ethics committees
of the University of Tokyo and the Tokyo Metropolitan Institute of
Gerontology. Participants completed an interviewer-administered
questionnaire that included 400 items covering lifestyle informa-
tion, and they underwent anthropometric measurements and as-
sessments of physical performance. Blood and urine samples were
collected for biochemical and genetic examinations.
The ROAD study team made a second visit to the mountainous
region of Hidakagawa and the coastal region of Taiji between
2008 and 2010. Of the inhabitants who participated in this second
visit, 1,063 volunteers were recruited for MRI. Fifty-two of these
declined to attend the examination, and the remaining 1,011 were
registered in the Wakayama Spine Study. All participants provided
their written, informed consent for the MRI examination. Partici-
pants who had sensitive implanted devices (such as a pacemaker)
or other disqualiﬁers were excluded. In total, 977 participants un-
derwent lumbar spine MRI. Ten participants who had undergone a
previous lumbar operation for LSS were excluded, and 29 partici-
pants who were younger than 40 years were excluded because
LSS is a degenerative disease. Thus, MRI results were available for
938 participants (308 men and 630 women) with an age range of
40e93 years (mean, 68.3 years for men and 66.9 years for women).
Similar to the baseline study, the second ROAD study included
an interviewer-administered questionnaire that included 400 items
that covered lifestyle information such as smoking habits, alcohol
consumption, family history, past history, physical activity, repro-
ductive variables, and health-related quality of life. Anthropometric
measurements included height, weight, bilateral grip strength, and
body mass index (BMI) (kg/m2). Co-morbidities were deﬁned ac-
cording to blood data (diabetes: HbA1c > 6.5%19, hyperuricemia:
uric acid > 7.0 mg/dL20, hyperlipidemia: high-density lipoprotein
cholesterol < 40 mg/dL21). The ankle-brachial index (ABI) of all
participantswasmeasuredusingPWV/ABI (OMRONCo.,Kyoto, Japan).
MRI
All participants underwent total spinal MRI with a mobile MRI
unit (Excelart 1.5 T; Toshiba, Tokyo, Japan) on the same day as the
examination. MRI exclusion criteria included the presence of a car-
diac pacemaker, claustrophobia, or other reasons. The participants
were supine during the MRI, and those with rounded backs used
triangular pillows under their head and knees. The imaging protocol
included sagittal T2-weighted fast spin echo (FSE) (repetition time
[TR]: 4,000 ms/echo, echo time [TE]: 120 ms, ﬁeld of view [FOV]:
300 mm 320mm) and axial T2-weighted FSE (TR: 4,000 ms/echo,
TE: 120 ms, FOV: 180 mm  180 mm). Sagittal images were taken
of the entire spine, but axial images were taken at each lumbar
intervertebral level (L1/2eL5/S1) parallel to the vertebral endplates.Qualitative ratings
The severity of radiographic LSS was qualitatively assessed after
all examinations were completed. An experienced orthopedic sur-
geon (YI) without knowledge of the participants’ symptom status
examined the images, which were provided on ﬁlms. The features
assessed included the severity of central, lateral recess, and
foraminal stenosis, rated on a four-grade scale. We used Fardon and
Millette’s22 deﬁnition of lateral recess: a recess extending from the
medial edge of the facet to the edge of the neuroforamen. We also
applied the classiﬁcation included in a general guideline2 in which
mild stenosis was deﬁned as narrowing of one-third of the normal
area or less, moderate stenosis as narrowing of between one- and
two-thirds, and severe stenosis as narrowing of more than two-
thirds of the area. Central stenosis and lateral recess stenosis
were rated on the axial images and foraminal stenosis on the
sagittal images. For lateral and foraminal stenosis, the rating for the
side with the worst score was used. To evaluate the intraobserver
variability of the severity rating, 50 randomly selected lumbar MRI
ﬁlms were scored by the same observer more than 1 month after
the ﬁrst reading. Fifty other lumbar MRI ﬁlms were also scored by
two experienced orthopedic surgeons (YI & KN) to determine the
interobserver variability. The intraobserver variabilities in severity
rating were conﬁrmed by kappa analysis to be sufﬁcient for the
assessment of central, lateral, and foraminal stenosis (0.82, 0.71,
and 0.66, respectively); interobserver variability was also sufﬁcient
(0.77, 0.66, and 0.66, respectively).
Assessment of clinical symptoms
An experienced orthopedic surgeon (YI) took the medical his-
tory and performed the physical examination of all the participants.
The history included information about the presence of lower back
pain, buttock pain, and leg pain; areas of pain or other discomfort;
the presence of intermittent claudication (IC) and its distance; and
items on a modiﬁed Zurich Claudication Questionnaire23 (except
six items about satisfaction and a history of lumbar surgery for
symptomatic LSS). Physical examination included assessments to
determine whether any symptoms could be induced by lumbar
extension or were improved or induced by lumbar ﬂexion, ﬂoor
ﬁnger distance (cm), and peripheral circulation (good or poor); a
straight-leg raising test; manual muscle testing of both the upper
and lower extremities; tendon reﬂex testing for both the upper and
lower extremities; and Babinski reﬂex testing. In addition, an MRI
study of the entire spine was performed for all participants on the
same day as the physical examination.
Assessment of clinical symptoms in the present study was based
on the LSS deﬁnition in the North American Spine Society (NASS)
guideline24 and required one or more of the following symptoms:
pain, numbness and neurological deﬁcits in the lower extremities
and buttocks, and bladder/bowel dysfunction. In addition, the
above symptoms were required to be induced or exacerbated by
walking or prolonged standing and relieved by lumbar ﬂexion,
sitting, and recumbency.
Statistical analysis
All statistical analyses were performed using JMP, version 8 (SAS
Institute Japan; Tokyo, Japan). Differences between men and
women in age, height, weight, and BMI were examined using non-
paired Student’s t test., co-morbidities, and clinical symptoms were
compared between men and women with the chi-square test. The
chi-square test was also used to determine the association between
radiographic LSS and age stratum. Logistic regression analysis was
performed stratiﬁed for sex to determine the effect of age and BMI
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area, with the latter as an objective variable and age and BMI as
explanatory factors. A further logistic regression analysis was per-
formed stratiﬁed for sex to determine the effect of age, BMI, and
each level of severity of central stenosis with clinical symptoms,
using radiographic LSS as an objective variable and age, BMI, and
each severity level as explanatory factors. We constructed a set of
two dummy variables deﬁning the three different central stenosis
groups (none/mild, moderate, and severe).
Results
Table I summarizes characteristics of the 938 participants
(308men and 630women;mean age 67.3 years, range 40e93 years),
including age and anthropometric measurements. Two-thirds of
themwerewomen.Mean agewasnot signiﬁcantly different between
menandwomen. BMIwas signiﬁcantly lower inwomen than inmen.
For all locations except central L1/2 and L2/3, several MRIs were
found to be inadequate for interpretation; in particular, the sample
for qualitative analysis of foraminal L1/2 was reduced to 907
(Table II). Regarding both central and lateral canal stenosis, the
prevalence of severe stenosis was highest at L4/5, followed by L3/4.
One-third of the participants had severe canal stenosis of at least
one level. On the other hand, the distribution of the prevalence of
severe foraminal stenosis was entirely different from that of central
and lateral severe stenosis. The level with the highest prevalence of
severe foraminal stenosis was L5/S1, followed by L4/5. There were
few participants with more than moderate stenosis at the upper
levels of the foramen. Concerning severe stenosis in all locations,
multiple logistic regression analysis after adjustment for age and
BMI revealed that more men had severe stenosis at lateral L2/3,
L3/4, and L4/5 than women (odds ratios [ORs] and 95% conﬁdence
intervals [CIs] for lateral stenosis were 2.05, 1.13e3.73 at L2/3; 1.95,
1.34e2.86 at L3/4; and 1.52, 1.11e2.08 at L4/5). To identify factors
related to the severest stenosis at each location, we performed a
further multiple logistic regression analysis with age, BMI, and sex
as explanatory variables. Age was signiﬁcantly associated with se-
vere stenosis at all locations for both sexes (ORs and 95% CIs were
1.06, 1.04e1.07 for central stenosis; 1.09, 1.07e1.10 for lateral ste-
nosis; and 1.11, 1.08e1.15 for foraminal stenosis). BMI was alsoTable I
Characteristics of participants
Total Men Women
No. of participants 938 308 630
Age group (years)
<49 96 26 70
50e59 175 59 116
60e69 222 65 157
70e79 258 87 171
S80 187 71 116
Demographic characteristics
Age, years 67.3  12.4 68.3  12.5 66.9  12.3
Height, cm 155.7  9.3 164.4  6.9** 151.4  7.1
Weight, kg 56.7  11.4 64.3  11.3** 53.0  9.4
BMI, kg/m2 23.3  3.6 23.7  3.3* 23.1  3.6
Job titles, no.
Clerical workers/technical experts 197 79 118
Agricultural/forestry/ﬁshery workers 105 62 43
Factory/construction workers 48 23 25
Others 588 144 444
Co-morbidities, no.
Diabetes 48 23* 25
Hyperuricaemia 71 54** 17
Hyperlipidemia 41 30** 11
A non-paired t-test was used to determine differences in demographic character-
istics and measurements of physical performance between men and women. Values
are the means  standard deviation. *P < 0.05, **P < 0.01.signiﬁcantly associated with severe central stenosis in the overall
cohort and inmen, but not inwomen (overall: 1.06, 1.02e1.10; men:
1.08, 1.00e1.17; women: 1.05, 0.99e1.10). There was no signiﬁcant
difference in the prevalence of central stenosis of more than
moderate severity between agricultural/forestry/ﬁshery workers or
not (P ¼ 0.60). There was also no signiﬁcant difference in radio-
graphic LSS between persons with diabetes, hyperuricemia, and
hyperlipidemia or not, each (Diabetes: P ¼ 0.21, hyperuricemia:
P ¼ 0.65, hyperlipidemia: P ¼ 0.71).
Fig.1 shows the prevalence of moderate and severe radiographic
LSS for the severest stenosis identiﬁed in each area and classiﬁed by
age and sex. Both central and lateral stenosis of more than mod-
erate severity were quite common among the elderly, but foraminal
stenosis of more than moderate severity was less common. The
prevalence of severe stenosis at each location was signiﬁcantly
higher with increasing age stratum in both sexes (central, men:
P ¼ 0.008; central, women: P < 0.0001; lateral, both: P < 0.0001;
foraminal, both: P < 0.0001 [all by chi-square test]).
There were 105 individuals with clinical symptoms (men: 35,
women: 70). There was no signiﬁcant difference between sexes in
the prevalence of clinical symptoms (P ¼ 0.91). Fifty-four of the 105
participants identiﬁed as having clinical symptoms had IC. Five of
these 54 participants presented with an ABI <0.9. However, these
ﬁve participants also had symptomatic LSS, and their leg symptoms
were dependent on position. These ﬁve cases were unspeciﬁed IC,
caused by both neurogenic and vascular claudication.We used cases
of central stenosis to clarify the association between radiographic
LSS and clinical symptoms. The prevalence of clinical symptoms
signiﬁcantly increased with increasing severity of central stenosis,
for both sexes, according to chi-square test (men: P ¼ 0.009;
women: P ¼ 0.004). Furthermore, to clarify the relationship be-
tween individuals with clinical symptoms and each grade of
severity, we performed a logistic regression analysis to estimate the
OR and 95% CI after adjustment for age, BMI, sex, and severity of
radiographic LSS, and we constructed a set of two dummy variables
deﬁning the three central stenosis groups (none/mild, moderate,
and severe). Severe central stenosis was conﬁrmed to be related to
symptomatic individuals, but moderate stenosis was not (men, se-
vere vs none/mild: 4.42, 1.44e17.0; men, moderate vs none/mild:
1.53, 0.49e5.86; women, severe vs none/mild: 2.50, 1.44e17.0;
women, moderate vs none/mild: 1.83, 0.82e4.66). Among symp-
tomatic persons (n ¼ 105), there were 16 taking painkillers, seven
taking trigger injections, and 13 in rehabilitation. We added these
treatment statuses to the multivariate model and logistic regression
analysis for the association between radiographic LSS and clinical
symptoms, but the result was unchanged (Table III).
Discussion
In this study, we evaluated the prevalence of radiographic LSS
assessed by MRI and its association with clinical symptoms in the
general population. The intervertebral level with the highest
prevalence of both severe central stenosis and severe lateral ste-
nosis was L4/5; the prevalence of severe foraminal stenosis was
greatest at L5/S. The prevalence of moderate or severe central
stenosis was 64.0% in patients in their 50s and 93.1% in those in
their 80s. There was a signiﬁcant association between the severity
of central stenosis and the presence of clinical symptoms. Of those
with severe central stenosis, 17.5% had clinical symptoms. In addi-
tion, logistic regression after adjustment for age, BMI, sex, and
severity of radiographic LSS revealed that severe central stenosis
was related to clinical symptoms.
The most frequent intervertebral level of severe stenosis was
consistent with the intervertebral location of severe stenosis that is
most frequently seen in clinical settings. However, to the best of our
Table II
Prevalence of central, lateral, and foraminal stenosis
L1/2 L2/3 L3/4 L4/5 L5/S1 Severest
Central stenosis
No. of totaly 938 938 937 937 936 938
None 112 (11.9) 57 (6.1) 36 (3.8) 31 (3.3) 163 (17.4) 13 (1.4)
Mild 606 (64.6) 435 (46.4) 305 (32.6) 276 (29.5) 580 (62.0) 194 (20.7)
Moderate 205 (21.9) 389 (41.5) 445 (47.5) 406 (43.3) 161 (17.2) 446 (47.5)
Severe 15 (1.6) 57 (6.1) 151 (16.1) 224 (23.9) 32 (3.4) 285 (30.4)
Lateral stenosis*
No. of totaly 933 933 929 931 925 938
None 439 (47.1) 199 (21.3) 80 (8.6) 29 (3.1) 333 (36.0) 11 (1.2)
Mild 393 (42.1) 454 (48.7) 347 (37.4) 251 (27.0) 414 (44.8) 205 (21.9)
Moderate 90 (9.6) 231 (24.8) 359 (38.6) 368 (39.5) 126 (13.6) 380 (40.5)
Severe 11 (1.2) 49 (5.0) 143 (15.4) 283 (30.4) 52 (5.6) 342 (36.5)
Foraminal stenosis*
No. of totaly 907 915 930 930 926 937
None 676 (74.5) 535 (58.5) 316 (34.0) 154 (16.6) 265 (28.6) 84 (9.0)
Mild 210 (23.2) 335 (36.6) 513 (55.2) 524 (56.3) 421 (45.5) 474 (50.6)
Moderate 18 (2.0) 42 (4.6) 90 (9.7) 220 (23.7) 202 (21.8) 313 (33.4)
Severe 3 (0.3) 3 (0.3) 11 (1.2) 32 (3.4) 38 (4.1) 66 (7.0)
Number (%). Percentage shows the prevalence at the same location.
* The rating of the most severely affected side was used.
y Participants were omitted if interpretation of their MRI was difﬁcult because of poor image quality at each level.
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graphic LSS assessed by MRI among the general population. We
found a differential distribution in the prevalence of canal stenosis
(including central and lateral stenosis) and foraminal stenosis,
which may be partly explained by the difference in anatomy be-
tween these two locations. Canal stenosis consists of a bulging disk,Age strata
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Fig. 1. Prevalence of severe central stenosis, severe lateral stenosis, and compressing foram
Japan.thickening of the ligamentum ﬂavum, and hypertrophy of the facet
joints, whereas loss of disk height, disk protrusion, and facet joint
osteoarthritis (OA) lead to foraminal stenosis1. The difference in
anatomy between canal stenosis and foraminal stenosis (in terms of
compression of the nerve root) may be related to the differential
distribution of prevalence.Age strata
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inal stenosis classiﬁed by age and sex for 938 participants from a community cohort in
Table III
The association of radiographic LSS with clinical symptoms
None/Mild Moderate Severe Total
Men
Radiographic LSS* 66 144 98 308
Clinical symptoms 4 (6.1) 12 (8.3) 19 (19.4) 35 (11.4)
Women
Radiographic LSS* 141 302 187 630
Clinical symptoms 7 (5.0) 32 (10.6) 31 (16.6) 70 (11.1)
Total
Radiographic LSS* 207 446 285 938
Clinical symptoms 11 (5.3) 44 (9.9) 50 (17.5) 105 (11.2)
Number (%).
* Radiographic LSS means central stenosis.
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asymptomatic: 77.9% had more than moderate central stenosis and
about 30.4% had severe central stenosis. Boden et al.7 reported that
21% of 14 asymptomatic volunteers who were over 60 years of age
had spinal stenosis, but their criteria for spinal stenosis (loss of
epidural fat with compression of neural tissue within the canal)
were different from ours. To our best knowledge, there is no report
on the prevalence of radiographic LSS using MRI in a large
population-based cohort. These ﬁndings indicate that radiographic
LSS is quite common among the elderly.
We found that severe central stenosis was signiﬁcantly associ-
ated with clinical symptoms, but only 17.5% of participants with
severe central stenosis were symptomatic. Previous studies of the
relationship between disabilities and radiographic LSS have yielded
varied results11e14. One study with a 12-year follow-up11 period
showed a clear association between Oswestry Disability Index
(ODI) and degree of stenosis. The subjects were assessed by mye-
lography, but only 56.0% (75/134) were followed up and the ODI
was determined by telephone interview. Ogikubo et al.12 reported
an association between the cross-sectional area of the lumbar spine
and walking distance and pain among patients who subsequently
underwent surgery. On the other hand, Amundsen et al.13 found no
relationship between the degree of stenosis measured by myelog-
raphy and computed tomography (CT) and clinical symptoms in
100 symptomatic patients. Lohman et al.14 also found no relation-
ship between cross-sectional areas of the canal measured by CT and
clinical symptoms in 117 patients who were referred from a pri-
mary health service because of chronic lower back pain and clinical
suspicion of spinal stenosis. Jenson et al.25 noted that abnormal MRI
ﬁndings in individuals with lower back pain may frequently be
coincidental. Thus, although one would expect that associations
between radiographic LSS and symptoms or other disabilities due
to LSS would be related to the degree of stenosis, previous studies
have yielded varied results. In this study, severe central stenosis
was related to clinical symptoms, but less than 20% of those with
severe central stenosis were symptomatic. It thus seems to be
impossible to clarify the cause of clinical symptoms by imaging
alone; an expert clinician’s opinion of both clinical assessment and
imaging studies is essential for interventions such as surgery in
symptomatic individuals.
There were several limitations to the present study. First, our
participants may not represent the general population, as they
were recruited from only two areas. However, anthropometric
measurements were compared between the participants and the
general Japanese population, and no signiﬁcant differences in BMI
were found (men: 23.71 [3.41] vs 23.95 [2.64], women: 23.06 [3.42]
vs 23.50 [3.69])26. In addition, the proportions of current smokers
and current drinkers (those who regularly smoked or drank more
than one drink per month) in the general Japanese populationwere
compared with those in the study population. The proportions ofcurrent smokers and drinkers (men) and current drinkers (women)
were signiﬁcantly higher in the general Japanese population than in
the study population (smokers, men: 32.6% of the Japanese popu-
lation vs 25.2% of the study participants; smokers, women: 4.9% of
the Japanese population vs 4.1% of the study participants; drinkers,
men: 73.9% of the Japanese population vs 56.8% of the study par-
ticipants; drinkers, women: 28.1% of the Japanese population vs
18.8% of the study participants). This suggests the study partici-
pants (both men and women) likely had healthier lifestyles than
the general Japanese population. Second, this was a cross-sectional
study, so it does not provide conclusive evidence of any causal
relationship between radiographic LSS and clinical symptoms.
Third, this study only represented the Japanese population, and the
prevalence in other countries may be quite different. Fourth, this
study investigated elderly participants who lived independently
rather than those who lived in institutional settings, so the calcu-
lated prevalence may be an underestimate. Fifth, we excluded 10
subjects who had already had surgery for LSS, and this could have
inﬂuenced the results. However, LSS surgery is a major intervention
that interferes with radiographic assessment of LSS, because it in-
volves decompression and instrumentation that could produce
artifacts. Finally, concerning facet OA and disc degeneration, which
are important factors for radiographic LSS, we reported the prev-
alence of radiographic lumbar spondylosis assessed by Kellgren/
Lawrence grading elsewhere15,17. We did not assess facet OA in this
MRI study. We have been assessing disc degeneration in this cohort
and will have results to report about this important investigation in
the near future.
Nevertheless, this is the ﬁrst trial to evaluate the prevalence of
radiographic LSS and its association with clinical symptoms in the
general population using MRI. In addition, the Wakayama Spine
Study is a longitudinal survey, so future results will help to eluci-
date any causal relationships.
In conclusion, the present study evaluated the prevalence of
radiographic LSS and clariﬁed its association with clinical symp-
toms in a population-based cohort. Many participants had radio-
graphic LSS, but few had clinical symptoms. The prevalence of
clinical symptoms increased with increasing severity of radio-
graphic LSS.
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